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AN ETCHING MASK AND A METHOD TO PRODUCE AN ETCHING MASK

FIELD OF THE INVENTION
The present invention relates to an etching mask comprising silicon containing

5 block copolymers, a system comprising the mask, a method to produce the
etching mask, a nanolithographic method for producing nanostructures using the
etching mask and a nanostructured substrate obtainable by the nanolithographic
method.

10 BACKGROUND OF THE INVENTION

Block Copolymer (BCP) self-assembly techniques have been at the focus of R&D
by micro and nanoelectronics semiconductor industries during the past 1-2
decades. BCPs are considered to be promising candidates for producing low cost

15 and efficient electronic devices at small length-scales that begin to be both
challenging and time consuming for conventional top-down nanolithography
processes. It may be foreseen that highly expensive lithographic techniques will
be replaced by the use of block copolymers in the form of soft masks in the
production of electronic devices.

20 Generally, BCP systems need brush layers of either random copolymers or
homopolymers in order to facilitate their directed self-assembly. In particular,
brush layers may facilitate vertical alignment onto the underlying substrate. The
vertical alignment allows for the formation of nanopatterns having lamellar (LAM)
morphology and it facilitates a smooth etching process and the subsequent

25 transfer of the desired pattern onto the substrate.

Normally, the deposition of brush layers is very time consuming, i.e. it needs at

least a minimum of 3-4 hours including the annealing time required to anneal the
brush polymer. Prior to that, the surface of the substrate, typically oxidized upper
layer of Silicium wafers, needs to be activated by piranha solution to allow for the

30 attachment of the brush layer. This also requires a minimum of 1 hour.

Thus, one of the main disadvantages of producing etching mask via self-assembly
techniques is that a time consuming step in order to produce a brush layer is
always needed to ensure a proper self-assembly and thus formation of the etching

mask in itself.
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Furthemore, while the surface modification with a brush layer is feasible on the
oxidized upper layer of Silicium wafers or on other oxide surfaces, for a number of
important substrates this is not even possible without compromising essential
substrate properties. This is the case for example for graphene substrates. In
such cases the general strategy has been to add a further step in the fabrication
procedure, that is to cover the substrate with a 3-5 nm layer of SiO2 by e.g.
electron beam deposition prior to the application of the brush layer.

An additional step may be further needed in the case of nonoxide substrate

surfaces, e.g. graphene.

A further disadvantage in producing nanostructured substrate by using soft
etching masks is that this process can lead to formation of defects, such as poor
protection of the substrate under the mask, presence of blunt edges and
broadening of the sharp edges produced. These defects are created either during
the etching process or following the removal of the etching mask. Nanostructured
substrates presenting several defects may be not suitable for application within
the semiconductor industry.

In general for applications within the semiconductor industry, nanostructured
substrates having long linear features, e.g. silicon nanowires, which are easy and
fast to produce, e.g. requiring less steps, are preferable. However, production of

nanostructures having long linear features is not straightforward.

In particular, prior art within the field requires long annealing periods, of the order
of magnitude of several hours, leading to long and inefficient method of

production.

Hence, an improved etching mask would be advantageous, and in particular, an
etching mask that is easier to be fabricated and that when used in a
nanolitographic method is capable to produce narrow and defect free
nanostructured substrates, would be advantageous.

OBJECT OF THE INVENTION

It is an object of the invention to provide an etching mask that is easy to produce.
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It is a further object of the invention to provide an etching mask that when used
in a nanolitographic process allows for production of nanostructured substrates
suitable for applications in microelectronic industry.

It may be seen as another object of the invention to provide an etching mask that
allows for the production of a nanostructured substrates that are defect free.

It is a further object of the present invention to provide an alternative to the prior
art.

In particular, it may be seen as an object of the present invention to provide an
etching mask, a method to produce the mask and a nanostructured substrate
produced using the etching mask solving the above mentioned problems of the
prior art.

SUMMARY OF THE INVENTION

Thus, the above described object and several other objects are intended to be
obtained in a first aspect of the invention by providing a method of producing an
etching mask on a surface of a substrate, the etching mask consisting of a silicon
containing block copolymer, the method comprising: coating the surface of the
substrate with a layer of a silicon containing block copolymer; controlling
temperature in a range between 20 and 50 °C to the coated surface under a
solvent environment; thereby producing said etching mask having a vertical
structure, such as a vertical lamellar structure.
The specific steps of the method allow for the self-assembly of the etching mask
having specific characteristics that allow the formation of a nanostructured
substrate having a desired structure with specific length, width and period.
It can be appreciated that the method of the invention does not require the
presence of a brushing layer onto the substrate before the self-assembly step.
This provides a great advantage as reducing the complexity of the process
required to produce the etching mask.
Thus in some embodiments the method of producing an etching mask on a
surface of a substrate, consists of:

- coating said surface of said substrate with a layer of a silicon containing
block copolymer;
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- applying heat in a temperature range between 20 and 50 °C to said
coated surface under a solvent environment; thereby producing said etching mask
having a vertical structure such as a vertical lamellar structure.

Vertical structure is defined as a structure having a vertical alignment. For
example vertically aligned cylinders with hexagonal dot morphology, may be a
vertical structure. Vertical aligned lamellar structures, i.e. vertical lamellar
structures may be also an example of vertical structures.

In some embodiments according to the first aspect the method produces a etching
mask having a vertical and straight lamellar structure comprising lamellae having
a orientational correlation length longer than 10 um.

The etching mask is thus a layer or a coating deposited or located onto a surface
of a substrate.

In a second aspect, the invention provides an etching mask consisting of a silicon
containing block copolymer, the etching mask having a vertical lamellar structure
In some embodiments, the etching mask comprises a vertical lamellar structure.
In some other embodiments, the etching mask consists of a vertical lamellar

structure.

In some embodiments according to the second aspect the etching mask has a
vertical and straight lamellar structure comprising lamellae having a orientational

correlation length longer than 10 um.

In some further embodiments according to the second aspect the etching mask
has a vertical and straight lamellar structure consisting of lamellae having a
orientational correlation length longer than 10 um.

The lamellar structure is composed of fine, alternating layers of polymers of the

block copolymer system, in the form of lamellae.

The lamellar structure is vertical, thus comprising or consisting of lamellae that
are perpendicular to the surface of the substrate on which the etching mask is
deposited, i.e. by self assembling.
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The vertical lamella structure or vertical alignment is essential to allow the
production of a nanostructure on the surface of the substrate on which the etching
mask is deposited. Indeed if the lamellar structure would self-assamble
horizontally, thus parallel to the surface of the substrate on which the etching

mask is deposited, no nanopatterning would be possible.

The lamellar structure may be straight, thus at least 90% of the mask comprises
or consist of alternating parallel straight, i.e. linear, lamellae of the two polymers
of the block copolymer.

The lamellar structures may be linear, thus has the form of a line, i.e. straight.

The lamellar structure may not be curved or have a zero degree of curvature.

Straight may be also defined as a lamellar structure having lamellae having a high
persistant or correlation length. For example a orientational correlation length
longer than 50 times the thickness of the single lamellae. For example the
orientational correlation length may be longer than 100 times the thickness of the
single lamellae, such as longer than 1000 times the thickness of the single
lamellae.

The orientational correlation length is related to the average of cos &(s), where 9
is the angle between unit tangent vectors in 2 points (0 and s) of the middle axisis
of a lamella perpendicular to the substrate. The average of cos &(s) is shown by

<cos #(s)> and it generally decays exponentially with the contour distance s:

<cos (s)> = exp(-s/h).

Where /o is defined as the orientational correlation length.

In other words the orientational correlation length is the length that until which a
segment completely loses it starting direction.

An advantage of the straight lamellar structure of the etching mask of the
invention is that through the use of the etching mask of the invention it is possible
to produce on a substrate nanostructures having “high orientational correlation
length”. This is a key feature for application in electronic industry where
nanostructures having straight and parallel linear structures at length scale

exceeding few micrometers are crucial for electronic applications.
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The silicon containing block copolymer comprises at least one polymer containing
silicon, e.g. an organosilicon compound, commonly referred to as silicone.

The silicon containing block copolymer may have a low molecular weight.

The presence in the silicon containing block copolymer of a polymer having a low
molecular weight allows for a unique self-assembly arrangement that lead to the
formation of a monolayer characterized by a vertical and straight lamellar
structure having lamellae of a orientational correlation length longer than 10 um
and having sub-10 nm width features.

Thus, the etching mask may consist of a self-assembled monolayer of the silicon
containing block copolymer arranged in a lamellar fashion.

The self-assembled monolayer shows alternating lamellae of the two polymers,

e.g. alternating lamellae of both polymers.

For example, the at least one polymer containing silicon of the silicon containing
block copolymer may comprise a siloxane, such as Polydimethylsiloxane (PDMS).
The other polymer may be an aromatic polymer, such as polystyrene (PS).
Thus, the silicon containing block copolymer may be PS-bH-PDMS.

Silicon containing block copolymers and in particular, PS-b-PDMS allow for the
creation of a self-assembling structure comprising regular patterns, e.g. straight

lamellar structures at very small scale.

In the silicon containing block copolymer, such as PS-PDMS, each block, i.e. PS or
PDMS, may have a molecular weight between 1000 g/mol and 10000 g/moaol, i.e.
between 1K (kg/mol) and 10K, for example between 5000 and 5500, i.e. between
5K and 5.5K.

In the silicon containing block copolymer, such as PS-PDMS, each block, i.e. PS or
PDMS may also have a molecular weight between 1000 g/mol and 25000 g/mol,
i.e. between 1K (kg/mol) and 25K, e.g. between 1K and 10K.

In a preferred embodiment, the silicon containing block copolymer, such as PS-
PDMS, may have a molecular weight between 10000 g/mol and 11000 g/mol, i.e.
between 10K and 11K as the PS block has a molecular weight of 5K and the PDMS

block has a molecular weight of 5.5 K.
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Molecular weight for the block copolymer, accounting for the molecular weight of
both polymers is herein referred to as the weight average molecular weight (Mw),

also referred to as mass average molar mass or weight average molar mass.

Thus in some embodiments, the block copolymer PS-PDMS has a weight average
molecular weight between 10000 and 11000.

In some other embodiments, the block copolymer PS-PDMS has a weight average

molecular weight between 1000 and 25000.

The molecular weight of the block copolymer determines the width of the lamellar
structured produced by the self-assembly.

Thus, the etching mask may consist of a self-assembled monolayer of PS-PDMS
arranged in a lamellar fashion.

The self-assembled monolayer shows alternating lamellae of the two polymers,
e.g. alternating PS and PDMS lamellae.

When the etching mask deposited on a substrate is exposed to plasma etching,
plasma etching parameters may be controlled so as to remove only one of the two
polymer, e.g. PS. Consequently, the area of the surface of the substrate
underneath the removed polymer is exposed to plasma and thus subsequently
etched.

When exposed to plasma PDMS has the further advantage of turning into a harder
material. In this way PDMS turns into a hard and glassy mask that can better
protect the surface of the substrate on which is deposited.

By using PDMS, only the area of the surface of the substrate underneath the
removed polymer is etched by the plasma, while the area underneath the PDMS
remain protected.

A regular and clear pattern is thus created on the surface of the substrate, which

has the length and width of the removed PS polymer.

Due to the chemical nature of PDMS, which is quite different for carbon-based
polymers, it is possible to obtain self-assembled monolayer even at rather low
molecular weights (MW) of the block copolymers. And thus in turn, as molecular
weight (MW) is connected to the width (d) of the lamellae, the presence of PDMS
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allows for the formation of straight lamellar structure where the width of the PS
polymer may be very limited, e.g. less than 10 nm, such as between 5 and 6 nm.
As the width of the PS lamellae depends on its molecular weight, for lower
molecular weights, pattern features of sub 10 nm may be foreseeable.

Thus, the PS-PDMS employed having low molecular weight, i.e. herein defined as
PS-PDMS having a weight average molecular weight between 1000 and 25000,
such as between 10000 and 11000, induce the formation of the desired straight
vertical lamellar structure.

Phase separation in block co-polymers is a function of the product of the Flory-
Huggins miscibility parameter multiplied by the total degree of polymerization N.
The higher the value of this product the sharper interface between the two blocks,
i.e. stronger segregation.

Thus, block co-polymers having a low Flory-Huggins miscibility parameter requires
high total degree of polymerization, i.e. long chain and thus high molecular weight

to produce ordered self assembled structure.

It has been found that in the case of PS-PDMS, the Flory-Huggins miscibility
parameter is relatively high. Thus, the combination of PDMS with PS leads to a
regular nanostructure having a vertical and straight lamellar structure having
lamellae of a orientational correlation length longer than 10 um, even very low
molecular weight. This surprising effect allows in turn to produce linear patterns
having very narrow width, i.e. sub 10-nm, orientational correlation length longer
than 10 um and periods below 20 nm, on a substrate where the self-assembled

monolayer is used as etching mask.

In conclusion, the use of PDMS in this case has the further advantage when the
etching mask is used in a nanolithographic process. PDMS exposed to oxygen
plasma turn into a hard mask by partial oxidation, thus further protecting the area
of the substrate located underneath. This allows for the production of
nanostructured substrates that present very low defects.

The particular combination of a silicon containing block copolymer with PS allows

for formation of self-assembled layers also at low molecular weight.

In some embodiments, according to the first aspect of the invention, the solvent

environment is toluene environment.
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In toluene environment, it was possible to obtain self-assembled structures
showing straight lamellar structures having lamellae of a orientational correlation
length longer than 10 um.

Other solvent may be also used, e.g. other hydrocarbons, ethers or ketones.

In some embodiments according to the first aspect of the invention, the
temperature range is between 30 and 50 °C, such as between 42 and 47 °C.

In some further embodiments, the temperature range is applied for a period of
time between 10 seconds and 40 minutes, such as between 10 and 20 minutes.
For example, the temperature range may be applied for not more than 15
minutes.

The application of the temperature within the period of time specified insure the
formation of the desired straight lamellar structure having lamellae of a
orientational correlation length longer than 10 um. Application of the temperature
range for shorter time period would not allow the formation of the desired
structure. The possibility of producing the desired structure within the short time
period specified is of great advantage as it allows reducing the time needed for

the production.

In particular, annealing at 45 °C for 15 minutes under toluene environment have
shown to be an optimal solvo-thermal technique procedure for the PS-PDMS self-

assembly tested, providing the desired structure.

In a third aspect the invention relates to a system comprising: a substrate having
a surface; an etching mask according to the second aspect of the invention
deposited or located directly on the surface, thereby avoiding the need or
presence of a brush layer.

The etching mask is deposited or located directly on the surface, i.e. no other
layers are deposited or present between the substrate and the etching mask.
Thus, the system may be referred to also as brushless.

As mentioned above, this provides a great advantage as reducing the complexity
of the system that does not require the presence of a brushing layer onto the
substrate before the self-assembly of the etching mask.
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The substrate may be a semiconductor material, such as silicon.

An advantage of using a semiconductor material as a substrate is that through the
mask of the invention it is possible to produce patterned features of the order of
magnitude of 10 nm or below, with a period below 20 nm, and of a orientational
correlation length of more than 10 um; characteristics that are very relevant for

electronic applications.

In a fourth aspect the invention relates to a nanolithography method of producing
nanostructures having sub-10 nm feature size comprising: producing an etching
mask on a substrate according to method of the first aspect of the invention;

applying the etching mask to substrate to produce the nanostructures.

In some embodiments in the nanolithography method according to the forth
aspect applying the etching mask to substrate to produce the nanostructures
comprises: etching the substrate by means of plasma, such as oxygen plasma;

and removing the etching mask.

In a further aspect the invention relates to a nanolithography method for
producing nanostructures having sub-10 nm feature size comprising: producing
an etching mask on a substrate according to method of the first aspect of the
invention; using the etching mask for producing the nanostructures.

In a fifth aspect the invention relates to a nanostructure substrate obtainable by
the nanolithography method of the fourth aspect of the invention, wherein the
nanostructure substrate comprises linear structures having widths in the range
between 5 and 20 nm, orientational correlation length longer than 10 um and a
period below 40 nm, such as below 20 nm.

The widths may be in the range between 1 and 20 nm ,such as between 9 and 15
nm, for example 10 nm.

The period may be below 20 nm, such as between 20 and 2 nm, for example
between 15 and 7 nm.

In some other embodiments the substrate is graphene.
One of the advantages of the invention is that the method and the etching mask
of the invention allow for graphene nanopatterning. Generally, graphene
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nanopatterning using etching mask of block copolymer encounters several
difficulties. In particular, nanopatterning using sacrificial soft mask templates is
quite challenging. Firstly, lamellar self-assembly of block copolymers on top of a
graphene surface is not easily achievable. Secondly, graphene is very sensitive to
oxygen plasma and thus it is very difficult to selectively etching one of the
polymers, e.g. PS, without creating defects in the pattern generated in the
graphene. Thirdly, the further removal of the second polymer, e.g. PDMS, can

produce further defects.

Through the etching mask, the system and the method of the invention it is
possible to obtain a nanostructured graphene substrate having nanostructures

with a very low level of defects as shown by Raman Spectroscopy spectra.

In some embodiments of the fifth aspect, the nanostructure substrate obtainable
by the method of the fourth aspect of the invention the substrate is a graphene
substrate and the nanostructure graphene substrate, when characterized by
Raman Spectroscopy, shows a ratio of the D peak over the G peak between 0.2

and 4, such as between 0.8 and 1.2, thereby showing absence of defects.

Raman spectroscopy is a well known spectroscopic technique used to observe
vibrational, rotational, and other low-frequency modes in a system.

Raman spectra of graphene surfaces are characterized by the presence of
characteristic peaks.

Change of shape and intensity before and after the etching process is an
indication of formation of defects; i.e. structural defects, such as broadening of
the edges of the nanostructures produced.

On the contrary, formation of specific peaks, such as the D peak, having similar
intensity of the G peak, following the etching process is in indication of lack of

defects in the nanostructured graphene substrate.

In sixth aspect the invention relates to a nanostructure graphene substrate
comprising linear structures having widths in the range between 5 and 20 nm,
orientational correlation length longer than 10 um and a period below 20 nm and

wherein the nanostructure graphene substrate, when characterized by Raman
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Spectroscopy, shows a ratio of the D peak over the G peak between 0.2 and 4,

such as between 0.8 and 1.2, thereby showing absence of defects.

Defects are defined as depression throughout the surface area of the graphene

that was previously protected by the PDMS hard mask.

The width of the G peaks is proportional to the width of the graphene nanoribbons
produced on the substrate. Thus, the broader the G peak the smaller the width of
the graphene nanoribbons produced due to the presence of defects on the
graphene substrate.

In another aspect the invention relates to the use of an etching mask according to
the second aspect of the invention in producing a nanostructured substrate
comprising linear structures having widths in the range between 5 and 20 nm,

orientational correlation length longer than 10 um and a period below 20 nm.

In a further aspect the invention relates to the use of an etching mask according
to second aspect of the invention in producing a nanostructured graphene
substrate showing a ratio of the D peak over the G peak between 0.2 and 4, such
as between 0.8 and 1.2, when characterized by Raman Spectroscopy.

The first, second, third and other aspects and/or embodiments of the present
invention may each be combined with any of the other aspects and/or
embodiments. These and other aspects and embodiments of the invention will be
apparent from and elucidated with reference to the embodiments described

hereinafter.
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BRIEF DESCRIPTION OF THE FIGURES

The etching mask comprising silicon containing block copolymers, a system
comprising the mask, a method to produce the etching mask, a nanolithographic
method for producing nanostructures using the etching mask and a
nanostructured substrate obtainable by the nanolithographic method according to
the invention will now be described in more detail with regard to the
accompanying figures. The figures show one way of implementing the present
invention and is not to be construed as being limiting to other possible

embodiments falling within the scope of the attached claim set.

Figure 1A is a graphical representation of the formation of the etching mask and
of the nanostructure substrate according to some embodiments of the invention.
Figure 1B is a graphical representation of the formation of the etching mask on a
graphene layer and the following nanostructure graphene substrate according to
some other embodiments of the invention.

Figure 1C is a graphical representation of a top view of the nanostructed graphene
surface produced on a silicon substrate as shown in figure 1B.

Figure 1D is a graphical representation of a top view of the nanostructed graphene
surface showing defects.

Figure 2A is a Scanning Electron Microscopy (SEM) image of the etching mask of a
brushless Lamellar phase self-assembly of PS-PDMS (5K-5.5k) deposited on a
silicon substrate after PS removal.

Figure 2B is a SEM image of nanostructures on a silicon surface produced by using
the etching mask of figure 2A.

Figure 3 shows Raman spectra of a graphene surface used as substrate, the same
graphene surface after the deposition of the etching mask, and following the
oxygen plasma etching process.

Figure 4 is a flow-chart of a method according to one aspect of the invention.

DETAILED DESCRIPTION OF AN EMBODIMENT

Figure 1A is a graphical representation of the formation of the etching mask and

of the nanostructure substrate according to some embodiments of the invention.
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Figure 1A shows a substrate 10, such as a silicon substrate, coated with a self-
assembly monolayer of PS 11 and PDMS 12 alternating lamellae, thereby
producing the etching mask 13.

Following plasma treatment, the PS 11 is removed and the silicon substrate 10 is
etched producing trenches 14.

PMDS lamellee 12 are then removed leaving a nanostructed silicon substrate 15.

Figure 1B is a graphical representation of the formation of the etching mask on a
graphene layer and the following nanostructure graphene substrate according to

some other embodiments of the invention.

Figure 1b shows a substrate 30, such as a silicon substrate, coated with a
graphene mono-layer 36. The graphene surface is then coated with a self-
assembly monolayer of PS 31 and PDMS 32 alternating lamellae, thereby
producing the etching mask 33 on graphene 36.

Following plasma treatment, the PS 11 is removed and the graphene substrate 36
is etched producing trenches 14.

PMDS lamellee 12 are then removed leaving a nanostructed graphene surface 37

on a silicon substrate 30.

Figure 1C is a top view of the nanostructed graphene surface 37 on a silicon
substrate 30. It can be seen that the graphene nanoribbons 37 produced on the

substrate 30 are continuos and without defects.

Figure 1D is a top view of the nanostructed graphene surface 47 on a silicon
substrate 40. It can be seen that the graphene nanoribbons 47 produced on the
substrate 40 have several defects 48.

It can be seen from figure 1C that defects are depression throughout, i.e. holes
on, the surface area of the graphene that was previously protected by the PDMS

hard mask.

Figure 2A is a Scanning Electron Microscopy (SEM) image of the etching mask of a
brushless Lamellar phase self-assembly of PS-PDMS (5K-5.5k) deposited on a
silicon substrate after PS removal.
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Figure 2B is a SEM image of nanostructures on a silicon surface produced by using

the etching mask of figure 2A.

Figure 3 shows Raman spectra of a graphene surface used as substrate, the same
graphene surface after the deposition of the etching mask, and following the
oxygen plasma etching process.

In figure 3 Raman spectrum 1 shows the initial Raman spectrum of a graphene
substrate, showing only residual D and D’ peaks due to the fabrication process,
i.e. Chemical Vapour Deposition (CVD) technique. Spectrum 1 shows also G peak
4. The etching mask is then produced on the graphene surface by spin coating
and annealing according to the method of one of the aspect of the invention.
Raman spectrum 2 is then recorded, showing a decrease the 2D peak 5 due to
doping effects and the deposits of amorphous carbon on top of the monolayer.
After that the etching process by oxygen plasma is performed. Raman spectrum 3
shows a considerably increases the D peak 6 as a result of the ribbon creation.
However, the graphene crystallinity within the ribbon is preserved as indicated by
the robust 2D peak 7.

From Raman spectrum 3 it can be clearly seen that D peak 6 has an intensity
similar to the one of G peak 7, thus the shows a ratio between D peak and G peak
between 0.8 and 1.2. This confirm that even after etching and removal of the
etching mask, the graphene surface is properly patterned and does not show

presence of substantial defects.

Figure 4 is a flow-chart of a method according to one aspect of the invention.
The nanolithography method 20 for producing nanostructures having sub-10 nm
feature size comprises: S1 producing an etching mask on a substrate; S2 etching
said substrate by means of plasma and S3 removing said etching mask.

Although the present invention has been described in connection with the
specified embodiments, it should not be construed as being in any way limited to
the presented examples. The scope of the present invention is set out by the
accompanying claim set. In the context of the claims, the terms “comprising” or
“comprises” do not exclude other possible elements or steps. Also, the mentioning
of references such as “a” or “an” etc. should not be construed as excluding a
plurality. The use of reference signs in the claims with respect to elements
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indicated in the figures shall also not be construed as limiting the scope of the
invention. Furthermore, individual features mentioned in different claims, may
possibly be advantageously combined, and the mentioning of these features in
different claims does not exclude that a combination of features is not possible

5 and advantageous.



WO 2016/177888 PCT/EP2016/060205

10

15

20

25

30

35

17

CLAIMS

1. A method of producing an etching mask on a surface of a substrate, said
etching mask consisting of a silicon containing block copolymer, wherein said
silicon containing block copolymer is Polystyrene- Polydimethylsiloxane (PS-
PDMS), said method consisting of:

- coating said surface of said substrate with a layer of a silicon containing
block copolymer;

- applying heat in a temperature range between 20 and 50 °C to said
coated surface under a solvent environment;
thereby producing said etching mask having a vertical structure, such as a vertical
lamellar structure, wherein said temperature range is applied for a period of time

between 5 and 40 minutes, such as between 10 and 20 minutes.

2. A method according to claim 1, wherein said solvent environment is toluene

environment.

3. A method according to any of the preceding claims wherein said temperature

range is between 30 and 50 °C, such as between 42 and 47 °C.

4. A method according to any of the preceding claims, wherein said PS-PDMS has

a weight average molecular weight between 1000 and 25000.

5. A method according to claim 4, wherein said PS-PDMS has a weight average
molecular weight between 10000 and 11000.

6. An etching mask consisting of a silicon containing block copolymer said mask
having a vertical structure,wherein said silicon containing block copolymer is
Polystyrene- Polydimethylsiloxane (PS-PDMS).

7. An etching mask, according to claim 6, wherein said PS-PDMS has a weight

average molecular weight between 1000 and 25000.

8. An etching mask, according to claim 7, wherein said PS-PDMS has a weight
average molecular weight between 10000 and 11000.
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9. A system comprising:

- a substrate having a surface;

- an etching mask according to any of the claims 6-8 deposited directly on
said surface, thereby avoiding the need of a brush layer, wherein said substrate is

graphene.

10. A nanolithography method of producing nanostructures comprising:

- producing an etching mask on a substrate according to method of any of
claims 1-5;

- applying said etching mask to substrates to produce said nanostructures.

11. A nanolithography method according to claim 10, wherein said applying said
etching mask to substrates to produce said nanostructures comprises:
- etching said substrate by means of plasma

- removing said etching mask.

12. The use of an etching mask according to any of the claims 6-8 in producing a
nanostructured substrate comprising linear structures having widths in the range
between 5 and 20 nm, orientational correlation length longer than 10 um and a

period below 20 nm.

13. The use of an etching mask according any of the claims 6-8, in producing a
nanostructured graphene substrate showing a ratio of the D peak over the G peak
between 0.2 and 4, such as between 0.8 and 1.2, when characterized by Raman

Spectroscopy.

14. A nanostructured substrate obtainable by the method according to any of the
claims 10 or 11, comprising linear structures having widths in the range between
5 and 20 nm, orientational correlation length longer than 10 um and a period

below 20 nm.

15. A nanostructured substrate obtainable by the method according to any of the
claims 10 or 11, wherein said substrate is a graphene substrate and wherein said
nanostructure graphene substrate, when characterized by Raman Spectroscopy,
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shows a ratio of the D peak over the G peak between 0.2 and 4, such as between
0.8 and 1.2.

16. A nanostructured graphene substrate comprising linear structures having

5 widths in the range between 5 and 20 nm, orientational correlation length longer
than 10 um and a period below 20 nm and wherein said nanostructure graphene
substrate, when characterized by Raman Spectroscopy, shows a ratio of the D

peak over the G peak between 0.2 and 4, such as between 0.8 and 1.2.
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FIG. 1B
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FIG. 2B
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